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DEVELOPMENT OF A HIGH RESOLUTION ACOUSTIC SEAFLOOR CLASSIFICATION SURVEY
SYSTEM

Douglas N. Lambert (1), John C. Cranford (2), and Donald J. Watter (1)

(1) Naval Research Laboratory, Code 7431, Stennis Space Center, Ms 39529, USA
(2) Planning Systems, Inc., PSI Engincering Center, Long Beach, MS 39560, USA

1. INTRODUCTION

A need exists in both the civilian and military communities for an automated seafloor classification svstem that
can rcmotely and accurately estimatc and map sediment propertics for a number of seafloor cimmneering
applications and for input to acoustic propagation prediction models. Over the past several vears, the Navi.
Research Laboratory (NRL) has been developing a normal incidence, narrow beamwidth, high resolution <cisnue
system that has the capability to accurately predict, in near real-time, acoustic impedance, sediment tvpe and
number of selected geotechnical properticsiof the upper sever:l meters of the seafloor while in an underway sune

mode, Lambert (1. This svstem is designated ibe Acoustic Seafloor Classification System (ASCS) mnd -

technology based rn the Echostrength Measuning System (EMS) developed in the early 1980's b Hoaevue
ELAC of Kiel, Germany. A detailed description of tius system can be found in Lambert and Fiedler (2.

Qur current thrust toward the development of a system capable of rapidly and accurately classifving the seafloc:
requires a thorough understanding of the interaction between environmental. geotechnical. anc ucoustic
parameters. It is surprising how little work has been done over the yvears in relation 10 these problems. part.cuiarh
for shallow water areas. Clearly a great deal of work is required in order to gain an understandie . & these
environmenta! cffects in relation to remote scatloor classification, which must include both basic unid apphed
research, It is probable that even with a much greater understanding of these relationships, that minimal 2reuna
truth sediment core data will still be requited in order to "tune” the acoustic predictive data to the naruculu
environment wherc a survey is run. This is not surpnsing, when we consider the highly vanable scdinici. + jxes
structures, composutions, and consistencies that exist, particularly in shallow water areas.

The ASCS under development by NRL is being designed with a dual function in mind: (1) to function a< i tiexibl:
rescarch data acquisition platform for the collection of experimental data, and (2) to function as the protetvpe
which will become the system capable of accurately classifving the seafloor in routine survev aperaticns Ik
exact specifications of this final svstem are currently being defined. Indeed, a prime design driver tor ine NRI
system currently under development is to produce the experimental databases required to specif the operainn
parameters of the final system. Basic questions which are being addressed are:

1. Is it possible to accurately characterize the «cafloor under all environmental conditions?
2. What is the confidence icvel?
3. What are the fundamental limitations?

A key aspect to obtaining the reamired data is o flexible acquisition system.  As research tovant - vy
understanding of the required seafloor classification ethodology proceeds, a system is nceded which e - o
rapid reconfiguration in order to acquire nnique data sets. Such a svstem would not need to be rodes -

extensively modificd for cach experiment, We arc currently developing this svstem through a4 0wy
interrelated basic and applied rescarch projects.  We have had to anticipate which capabilities vy 0 e
important for thc ASCS research and will lead to the required hardwarce/software svstems. Keyv requurai. - ¥ ai.
expected (o be (1) multiple frequancy operation, 12) a calibrated system, and (3) an extremely wec . . 'a

acquisition system capable of minimum distortion of tre received bottom return.
2. BACKGROUND

The original EMS consisted of a narrow beam (129 18 kHz transducer, n high resolution analog pap + cvoader
(LAZ 72), and an 8083 microprocessor-controlied signal processor (EMG2) that quantitatively mc ivored the
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return echo strength in ten adjustable time windows that corresponded to depth intervals in the sediment  Enher
the first five or the last five of thesc echo strength lines are plotted on the seismogram (Fig. 1), The relative spread
of the lines away from a baseline indicatces the strength of the echo return in cach of the time windows  Wide
separation between the lines denotes a strong acoustic return and a highly reflective sediment such as sand
Narrow scparation between the lines indicates low reflectivity or soft muddy sediments. An expertenced operator
could subjectively predict the type of sediment below the transducer fairly well using this method. Howurd and
others (3). In order to quantify the acoustic return. NRL contracted Honevwell ELAC in the mid 980 10 develop
a near real time software program that computes an acoustic impedance profile of the sediment for cach ping
From the acoustic impedance profilc. several empirical relationships, primarily developed by Hanulton (4) and
Hamilton and Bachman (5), could be used to predict a number of sediment geotechnical properties 1n near real
time while 1n a survey mode. This software program was developed around a DEC Pro 350 color computer which
was the state-of-the-art micro-computer at the time. Although this computer served its purpose well and provided
the means to evaluate and verify the concept of remote acoustic scafloor classification. it's signal processing
capability was severely limited. particularly when compared to todayvs micro-computer data pracessing and storage
capabilities.

The onginal  ASCS
was designed  as g
rescarch  tool  wih
broad capabilites th
allowed the wpdatng
of the scliware
databascs with
improved  sedimient
relattonships  as  the
uscrs  knowledge  of
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SANDY SEDIMENTS i ' i mteraction ncrcasced
0-40cm : Low REFLECTIVITY INDICATING
GROUND UNEJ 40-80cm l SOFT MUDDY SEDIMENTS The system was never
[ 80-120cm_ ) & - }- f ‘ ﬁ 4 tntended to aperaic os

a  routine  suncy
mstrument nor did w

;‘ - 120-160cm 1%
Van =160 - 200 cm ™

have that capabihy
However.  a  strong
need exists to have an
eastly operable. nearhy
automated remote
seafloor classification system that can routinely produce scafloor propertics maps for a multitude of apphcatians
Therefore in mid-1990 NRL began a major project to significanily enhance the existing ASCS svstcmn This began
by developing a plan 10 upgrade the compuler svstem to an 80486 microprocessor-based computer svsteim runntng
on the DOS operating environment. and verification and enhancement of the software, both in uscr friendliness
and data processing and output capabilitics.  Since the DEC 350 and the 486 computers used incompatible
operating svstems. this required a comiplete rewrite of the ASCS software package. This effort was completed in
carly 1492, althuugh it is expected that this software will continue to evolve and be further enhanced as the resulis
of scveral other ongoing research cfforts are integrated into the systesn. These effzrts will be descrihed under the
Recent Developments and Current Developiuents sections below.

! | !
ECHO STRENGTH !NOICATOB LINES (FIRST FIVE INTERVALS)—

Figure 1. Typical ASCS 15 kHz analog seismic record with echo strength indicator hine
display.
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3. RECENT DEVELOPMENTS

The present ASCS is normally operated at 15 kHz and both quantitatively and qualiatively meusures the
amplitude (echo strength) and pulse character of the return acoustic signal in 10 adjustable-width ume windows
that correspond to depth increments in the sediment. The ASCS produces a high resolution analog scismiz record
of the upper few meters of the seafloor on which the amplitudes of the ccho returns from the sedument depth
increments are displayed. The dedicated 80486 computer is used to store and display the digitized raw ccho
strength and Global Positioning Svstem (GPS) navigation in ncar real-time. The computer also provides the
capability to apply algorithms based on multilayer acoustic theory 1o compute acoustic 1mpedance for each of the
depth increments in the sediment. This continuous profile of acoustic impedance is then used. i combination
with a series of empirical relationships, to predict sediment structure and type, as well as various geotechnical
properties such as attenuation, density, porosity, shear strength, compressional and shear velocity, and mean grain
size. The new ASCS software is capable of displaying in near real-time cach of these sediment properues cither as
a color scrolling waterfall-type display (Fig. 2) or as a scrolling tabular displav of numencal values
Simultaneously displayed on the computer screen is a scrolling depth profile, a scrolling display of interpreted
sediment structure, an oscilloscope-type display of echo strength, and a plot of the GPS navigation ponts along the
tracklines which are color coded according to the corresponding impedance value of the upper scdiment intenal
The navigation plot then serves as a near real-time impedance map of the surficial sediments in the suney arca

;. . St Tiast I60RiG4]
-° T Hees, Times 1611664 Another recent desciopinent

has provided the capatihinn 1o
coltect co-registered side scun
sonar  data  simultancoush
with the ASCS daty wlhich
allows a 3-D look at the upper
several meters of the scatloo
: : Thus was accomphished for o
et fer . n'} survey run in the
: Mediterrancan Sca m nud-
1992, Duning this sunvey, an
EDO 6991 broad band. tuii
occan depth rated transduccs
was mounted on o deepstow
sled atong with an EGX G 9on
side scan sonar opcrating ol
39 kHz.  The ASCS was
operated at 13 kbiz and ns
clectronics integrated with 1he

A

{ T .. g [ w0 3
| ne

Gopth Preofile
Alt D: Digplay Menu Esc1 End

Ut Aly N Change Noem side scans telometn svsiem

located in a pressure bottle on

Figure 2. ASCS real time color display of sediment properties and GPS the  sled. Data  was
navigation. wclemetered  to the  sap

through a 10,000 m coaxial tow cable. The electronics interface was designed so that cach system could e
operated independently. or simultancously, and vet be completely transparent 1o the other so that there was no
signal interference between the two instruments. In addition to producing the normal paper scisttise recard and the
prediction of seafloor sediment propertics through the ASCS software during this survev. a new data acquisinon
coinpuler was addea to the sysicrt which digitized and stored the outgoing acoustic pulse and the complele return
signal at a resolution of 10 bits (resolution Timit of the EG&G side scan telemetry system) and ali o af 37 A
The data was stored on removable 90 Mbyie Bernoulli disk storage media. Aficr approximately 3 5 hours of data
collection, a full disk was removed and replaced by an empty one. Data from the full disk was then transferied or
a third computer to inexpensive backup tape media for permancnt storage and later processing  The dvestezanor
and storage of the complete acoustic signal for each ping provides for the abilny 1o replay the raw dat m the Lt
in order 10 make new analog records, to recatibrate the system during post processing, if necessan . to oxamine th
acoustic signal on a ping by ping basis for rescarch purposes, and to reprocess the data through the ASCS softwarn

Proc. .O.A Vol. 15 Part 2 (1993)
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after calibration to ground truth data. This combined survey system worked flawlessly throughout the cnse from
the time the system was first deployed until the sled was badly damaged during a collision with the seafloor.

Section A Section B

A new technique of displaying the digitized
acoustic return as a function of amplitude vs
time (depth below the sediment/water interface)
on a scrolling color monitor provides a dyvnamic
range in excess of 60 dB and an extremely high
resolution profilc of the sediment structure  An
analog paper record 1s limited (o approximately
30 dB of dynamic range. For cxample, Figure 3
is an analog paper record coliccted in the
Mediterranean Sea over a compiex area of
' v ' alternating deep penctration soft sedimenis

. T (labeled Section A) and low penciration more

: . . reflective carbonate sediments (labeled Section

; 1 . B). Very limited internal structure within cither
n ? PERRERN ?
q 4/ /

L EESSR sediment is visible in Figure 3. However, when
o woRer "B-| the digital acoustic data is displayed on a color
monitor {reproduced here in shades of grav) avith
intensity of the signal indicated in increments of
5 dB/color change, much more sediment
structure is revealed. Sections A and B
dramatically show this increase in scdimem
structure resolution, due to the increase of the
dynamic range available for display. Another
Figure 3. ASCS 15 kHz analog paper record across striking example is shown in Figures 4 and 3.
alternating low and high reflectivity sediments. Figure 4 is a typical ASCS 15 kHz analog paper
; record over a pipeline buried approximatelv 1.5 m
in the seafloor. A trained observer can identify this
object from the characteristic shadow below the
pipeline and the echo strength display “fish
mouth." In Figure 5 the data is displaved on a
color monitor (B/W image shown here) with 3 dB
steps of signal intensity indicated by color changes
on the display. Note how well the pipeline stands
out making such an object easily identifiable to the
untrained eye.

4. CURRENT DEVELOPMENTS

[Secnon A on Fig. 3 l [SectJon B on Fig. 3]' The ASCS system is currently undergoing a majo

development which is intended to meet the needs of several basic and applied research programs well into the
future. From this effort, an optimized routine survey seafloor classification system will cvolve. The hean of this
development is an extremely robust system controller, data acquisition, data storage, and data processing hardware
and software package. This system transmits an acoustic pulse, digitizes the acoustic return to 16 bits. records the
raw data on a removable-media hard drive, and displays to the operator, in near real-time, three different dusplans
(1) A scrolling waterfall-type color scismogram of the upper ten meters of sediment 1 which the color
levels are adjustable in increments of the return signal intensity in dB.
(2) Ten echo strength intensity lines, which display the amplitude of the seismic return 1 cach of ten
intervals (adjustable widths presently of 10, 20, 40 or 80 cm) below the seafloor.
(3) An operator interface program which displays the current setings of the programmable ssstem
parameters, and allows the operator to change most of these paramelers intcractively with the obsened
data.

Proc. 1 O.A Vol 15 Part 2 {1993)
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4.1. PROGRAMMABLE PARAMETERS

BURIED PIPELINE A key featurc of the ASCS system under devclopment
is the programmability of maost operational parameters
including:

Function Programmablc Range
TRANSMITTER
Frequency I - 100 kHz
Pulsc Length 0.1 -16ms
Power Qutput 1 - 250 Watts
Repetition Rate 3 -0 1 Hz (Pings se)
L AL LRELE. AALL ALY RECEIVER |
LI Jm " ! uu e T »ti Gain 220 dB to +63 dB
_ | Amplitude Response +/-02dB
/\% W *% \f’\‘/uv‘* *_,- :{;’,\x gr vw; Phase Response +/- 0002 Degree
ECHOSTRENGTH "FISHMOUTH" DUE TO PIPELINE DIGITIZER
A/D Sample Rate 8- 100 kH2
Figure 4. ASCS analog paper record across buried Resolution 16 bt
pxpelme Dynamic Range 96 dB
Anti-Alias Filter >30th Order (FIR)!

REAL-TIME GRAPHICS

Resolution 630 x 480 Pixcls!

Type Scrollmg[

Colors 1-16

dB/color 3-8

Processing 2-D Avcragmg. Pixel Wiy

DATA RECORDER

Type Bernoulli 90 Hard Drive
{90 MB)
Record Window <096 - 32,767 Bates
Record Rate 320 kByies/Sccond
L SIS T WL AUV ES  File Type DOS Binany Fife (2's
Figure 5. Color monitor display of digitized ASCS Comp))

data across pipeline shown in Figure 6.

Note: |- Non-Programmable Funchion

42. DATA ACQUISITION

The heart of the system is the 1 Mbyle of static random access memory (SRAM) shared by the both the 4Ra
computer and the external data acquisition subsystem. This RAM operates as conventional computer RANM oxeept
in an acoustic data acquisition cyvcle, during which the SRAM is removed from computer address space and
written into by the data acquisition unit. The maximum acquisition rate of the interface 15 therefore el o the
speed of the SRAM (currently 80 ns). Additional processing speed has been gained by dimensioning the SRAM
address field as an integer array (encoded as 2's complement) within the acquisition program  The icoming raw
data is immediately available to the 486 computer for processing without manipulation or conversion

To begin the acquisition of a data set (onc sounding) the system must first be armed by control software  Afier
arming, the system will acquire a single data set. In order to avoid an accidental ovenarite of vahd dma. the
interface must be re-armed at the beginning of each sounding. After recciving the arm command the syatem st
receive a "fire" command to Initiate both the output transmission and colicction of A/D comverter samples The
FIRE command can originate from one of two sources: (1} from within the 486 computer - this 1s the stand-alone

Proc. 1.O.A. Vol 15 Part 2 (1993,
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mode of operation, or (2) from an external source, in which data acquisition of the ASCS may be siaved 1o
operation of a second system. In the external mode. the acoustic transmitter 15 disabled, yn which case acoustic
data is acquired passively.

The system interface and acoustic transmitter are installed on a circuit board locaied in an expansion slot of the

486 computer. A single external chassis, the Signal Conditioning Unit (SCU), houses the analog signal

processing electronics, A/D converter, and power amplifier (PA). Control signals are passed 1n 8 bit parallel from

the computer to the SCU. Digitized acoustic data is telemetered from the SCU into the computer as a svnchronous
- serial data stream. The transmitter power amplifier, which can transmit a maximum ¢f 250 waus. is powcred
{gjg : from a linear 30 VDC power supply installed in the SCU.

: 4.3. TRANSDUCER

' The ASCS transducer is an EDO model 6991, broad band from approximately 12 kHz to more than 30 kHz. Tlus
transducer can be hull mounted, or because of it's full ocean depth pressure compensation. can be mounted on
deep-tow sled, as was done during the Mediterranean, survey. The transduccr is used for both the transnut and
receive functions and can be operated at a minimum of two acoustic frequencies: 15 and 30 kHz. At 13 kHz the
beam width of the outgoing pulse is 12° and at30 kHz itis 6.

4.4. COMPUTER

The NRL ASCS system is based 2nd presently controlled by two 33 MHz [BM-compatible 486 compuiers . Onc
computer operates as the system controller, acquiring raw data. storing the raw data. and displaving the color
seismogram in near real time. The second 486 computer is presently being used to run the ASCS software: to
process the raw data in near real time, to compute an acoustic impedance profiles for each ping. and to predict
sediment geotechnical properties along the trackline. In addition this computer stores the processed data for futurc
replay and displays it on a color monitor as shown in Figure 2. As the new system is developed 1t is expected that
all of these functions will be integrated into one software program operating onr one 486 computet.

4.5. TRANSMITTER

The transmitter, operating Class S, outpuls a phase coherent (pulse to pulse) square wave into the transduccr
power amplifier (PA). Designed into the system is the capability, if so desired in the future, of transmuission of a
source signature of practically any type (cw, pulsed cw, FM slide, or AM modulated). This source puise can be
programmed by the system operator, stored in RAM, and synchronously output in analog form via a digital/analog
converter (DAC) residing in the computer.

4.6. RECEIVER

The receiver features programmable gain (-20 to +63 dB) and excellent amplitude/phase response at afl pamn levels
of +/- 0.3 dB +/- 1.0 degree. The SCU gain change is possible. in 1 dB steps, during a seismic return, in order 10
achieve a digital, programmable TVG function, if required.

4.7. DIGITIZER

The system contains a monolithic 16-bit Sigma Delta A/D converter. The converter outpui sampie rate 1s
programmable from 8 to 100 kHz. The converter is capable of a second mode of operation. which outputs 12 but
data at a maximum sample rate of 400 kHz.

The SD was utilized primarily because of the performance advantages inherent in the digital ant-alias filier - The
steep filter roll-off and linear phase response of the filter ( >30th order at (1435 Nyquist. 0.001 degreey vinuath
eliminates data artifacts attributable to under sampling (fold-back) and non-lincar phase response (nnging) of o
traditional analog anti-alias filter.

A third advantage of the Sigma-Delta converter is derived from the high over saruple rate (128x) of the converter
front end: even though the resolution of the converter is 61 mvolts, the output data is practically free from
systematic noise (radiated/capacitively coupled high frequency clocks, power supply noise. et¢) typrcally noticed in
a 16-bit digitizer. The low noise level of the ASCS digitizer provides 92 dB of usable dvnamic range. from the
theoretical 96 dB availablc from a 16-bit converter. Proc 1O A Vol 15 Part 2 (1993)
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In short, the A/D converter in combination with the magnitude and phase response of the system SCU wil' delsver
data free of under sampling and SCU step-tesponse artifacts. The net result is that the data output from the svsiem
contains a very accurate representation of the signal returned from the botiom.

4.8. DATA RECORDER _

The ASCS raw data is recorded, as a DOS two’s complement (integer) binary diata file, 10 a Bernoulli 90 (Vo
Mbyte) kard drive. This drive has an 11 ms seek time. The system has attained hard drive transfer rates in excess
of 320 kBytes/second. The Bernoulli recording media i1s removable: a cartridge can be changed in about 1o
seconds, much like a floppy drive disk. For archiving large amounts (Gbyvtes) of diata. we hinve. in the past. backed
up the Bernoulli 90 cartridges to less expensive DCR tape cartridges.

4.9. REAL-TIME GRAPHICS

Real time graphics are provided (o the svstem operator for purposes of data venficauon and to obsenve the effect of
various programmable parameters (such as transmit frequency and pulse fength) on the data qualin . The scismig
graphics are scrolling (left to right. as in most analog graphics recorders). and are designed 10 give the "feel” and
appearance of a traditional seismic record. Screen resolution is 640 x 480 pixels. ‘Sixteen colors. selectable from 2
palette of 256,000 colors, are available. Colors can be assigned from 4 - 8 dB/color Currently, the graphics
screen is configured for a vertical presentation of 12 meters of sediment.

Two processing aigorithms are currently used in the real-time scismic data presentation.  the first a dita
smoothing algorithm, averages a user selectable number of vertical samples of the input (raw) dats The effect of
this operation is a 1 dimensiounal low-pass fiiter. The smoothed data is input into the sccond display algorithm. a
simple 2-dimensional average of each pixel with each of the eight surrounding pixels. The relative tmpontance of
the central pixel, or weight, is 1 user programmable input. The net effect of these processing algorithms 1s 0
present the data, in near real-time. to the operator in such as manner that the data quality, or utilitv. can be
determined. The particular real-time graphics parameters selected by the operator do not effect dma stored onto
hard disk, which always stores the raw A/D data. These processing algorithms operate in the data plavback mode.
in which previously recorded data is played back (from disk) into the system.

A second data recording system, which will record the real-time data acquisition graphics screen onto o VCR
recorder, is currently under investigation. This technique will allow a data processor to review large amounts of
previously recorded data verv quickiy.

The second real-time graphics presented to the system operator is the intensity fine display, located toward the
bottom of the secismic graphics. These ten lines display the relative intensities of the seismic return in ten
programmable intervals into the sea floor. The intensity lines arc characteristic of seafloor tvpe 1¢. sofl
sediments, sands, etc., and can be quickly scanned.

The operator interface is displayed at the very bottom of the real-time acquisition screen. This s a scrothing menu
from which programmable system parameters may be verified or changed Any change 1o a sysiem parameter 1s
updated and becomes effective at the beginning of the next seismic shot.

5. FUTURE DEVELOPMENTS

As of this writing, several basic and applied research projects are ongoing which will strongly influence the futurc
developments and cvolution of the ASCS as a routine survey instrument. One such basic rescarch project 1s
investigating the fundamental physics of acoustic interaction with the scafloor. This theorctical study and
modeling effort will use the results of an evaluation of the current ASCS sediment classification algorithms 10
explore a number of signal processing techniques that can provide the quantification of scafloor micromorphology
required for improved sediment classification. Techniques that are being investigated include the simultancous
use of two or more frequencices, parallel processing, artificial intelligence, and the use of the total acoustic signal
for scdiment classification. Concurrent investigations are being conducted to determine the feastbdite of

Proc. 1.0.A. Vol. 15 Part 2 (1993)
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supplementing or replacing the present empirical relationships used in sediment properties prediction with
suitable physical models, Richardson and Briggs (6).

A recent field experiment in the Baltic Sea has shown that when an extremely stable transducer platform is used
that a 30 kHz acoustic pulse with a 6° bean width produces a seismnic record nearly equivalent in penetration depth
to that of a pulse at 15 kHz with a 12° beam width, but with higher resolution of sediment . _ucture.  We also
experimented with various pulse fengths and power levels of the acoustic signal and found that reducing the rulse
length from 0.35 ms to 0.1 ms while increasing the input power level from 100 w to approximately 230 w further
increases resolution without scrious loss of penetration. One goal of this effort 1s to be able to decrease the
sediment classification window size to 10 cm or less while increasing the number of measuring windows 1o 30 for
detailed sediment classification to a depth of five meters.

NRL is presently designing a stable tow body on which the ASCS transducer will be mounted along with the
transducers from a high resolution side scan sonar. This will provide the capability to deep tow the combined
systems (o a depth of 1,500 m and collect co-registered side scan and ASCS data for a 3-D survey of the seafloor
This system will be portable and seif-contained with its own winch and cable for easy deployment off nearly an
vessel.

Another project is developing automated methods of handling the large amounts of data collected by the ASCS
over a survey area. Commercially available gridding and contouring software and geographical informanion
system (GIS) software is being integrated with the ASCS software in order to provide the capabihity 10
automatically output detailed 3-D sediment properties maps over the area surveved. This effort will greatly reduce
the amount of post-processing time required to interpret the results of a survey. and hopefully allow the generauon
of preliminary maps while still in the field.
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